Optically active 3-substituted isobenzofuranones are important structures in medicinal chemistry as well as in synthetic chemistry.
1,2 Recently, various methods for the synthesis of these chiral compounds have been developed. 3 Reported methods include lactonization followed by the hydrogenation of the corresponding ketones, 4 intramolecular ketone hydroacylation, 5 aldol reaction, 6 addition reaction, 7 and cyclization reaction. 8 Over the past decade, transition metal-catalyzed addition reactions of arylboronic acids with 2-formylbenzoates have become useful tools for accessing 3-aryl-isobenzofuranones. 9 However, to our knowledge, there have been only a few reports on the synthesis of optically active 3-aryl-isobenzofuranones using this strategy. 10 We have already developed a bidentate chiral phosphoramidite (Me-BIPAM) and have used it in ruthenium-catalyzed asymmetric addition of arylboronic acids to various carbonyl compounds. 11 Herein, we report the synthesis of optically active 3-aryl-isobenzofuranones by using enantioselective addition of arylboronic acids to methyl 2-formylbenzoates. Our initial investigation began by screening catalysts to evaluate their ability to promote enantioselective arylation of methyl 2-formylbenzoate with phenylboronic acid. As shown in Table 1 , when [RuCl 2 (p-cymene)] 2 , RuCl 2 (PPh 3 ) 3 or RuCl 2 (nbd)(MeCN) 2 with Me-BIPAM, which were used in our (Table 1) . Arylboronic acids with electron-donating and -withdrawing groups at para-and meta-positions afforded 3-aryl-isobenzofuranones in high yields with high enantioselectivities in the range of 91-97% ee. The addition of para-biphenylboronic acid and 3-thienylboronic acid resulted in a high yield with high enantioselectivities when the temperature was increased and the solvent ratio of toluene/H 2 O was changed (entries 5 and 12). The structure of 3al was confirmed unequivocally by its X-ray crystal structure (entry 12). The absolute configuration of the product was assigned as S enantiomer from X-ray crystallographic analysis of the compound of 3al (Figure 1 ). 13 From the above results, [RuCl 2 (p-cymene)] 2 with (R,R)-Me-BIPAM catalyst gave higher enantioselectivities for the electron-donating arylboronic acids, but RuCl 2 (PPh 3 ) 3 with ( R , R ) -M e -B I P A M c at a l y s t g a v e h i g h e r y i e l d s a n d enantioselectivities for the electron-withdrawing arylboronic acids. The structure of [RuCl 2 (p-cymene)] 2 with (R,R)-Me-BIPAM showed cationic complex, 14 but the structure of RuCl 2 (PPh 3 ) 3 with (R,R)-Me-BIPAM complex showed neutral complex. 11c The difference in reactivity between [RuCl 2 (p- We propose a possible catalytic cycle of this reaction. The reaction may proceed through transmetalation of an arylboronic acid to a Ru/Me-BIPAM complex giving an Ar- [Ru] . Insertion of the C=O bond of methyl 2-formyl benzoates into the Ar-Ru bond gave the Ru-O intermediate, and then provided 3-arylisobenzofuranones by hydrolysis and lactonization ( Figure 2 ). The enantioselectivity is determined at the step of insertion of the C=O bond into an aryl ruthenium intermediate. Thus, the S configuration in Tables 1-3 caused by (R,R)-Me-BIPAM is rationalized by the coordination of an methyl 2-formyl benzoate with its si-face. The si-coordination of the substrate is preferred without significant steric interaction to give the experimentally observed S enantiomer by parallel coordination of the C=O bond to the Ar-Ru bond for the subsequent insertion step ( Figure 3 ). 
Conclusions
In summary, we have developed a ruthenium/Me-BIPAM-catalyzed addition of arylboronic acids to methyl 2-formylbenzoates for enantioselective synthesis of 3-aryl-isobenzofuranones. Various substituted chiral 3-aryl-isobenzofuranones were obtained with excellent enantioselectivities (87-97 % ee).
Experimental

Genetal methods
1 H-NMR spectra were recorded on a JEOL ECX-400 (400 MHz) or JEOL ECS-400 (400 MHz) in CDCl 3 with tetramethylsilane (δ = 0.00) as internal standard. Chemical shifts are reported in part per million (ppm), and signal are expressed as singlet (s), doublet (d), triplet (t), quartet (q), multiplet (m), and broad (br). 13 C-NMR spectra were recorded on a JEOL ECX-400 (100MHz) in CDCl 3 (δ = 77.00) with tetramethylsilane as an internal standard (δ = 0.0). Chemical shifts are reported in part per million (ppm). HPLC analysis was directly performed with chiral stationary phase column, Chiralpak AD-H or Chiralcel OD-H purchased from DAICEL Co., Ltd. High resolution mass spectra (HRMS) were recorded on a JEOL JMS 700TZ mass spectrometer at the Center for Instrumental Analysis, Hokkaido University. Optical rotations were measured on a HORIBA SEPA-300 digital polarimeter. Kanto Chemical silica gel 60N (particle size 0.063-0.210 mm) was used for flash column chromatography. 2 17 were prepared by the literature procedure. BIPAM ligand (Me-BIPAM) were prepared according to our previous procedure.
18 Me-BIPAM was commercially available from Wako Pure Chemical Industries, Ltd. Phthalide was purchased from commercial source and substituted phthalides were synthesized according to known literature.
19
Preparation of 2-formylbenzoates 20 To a solution of phthalides (2.0 mmol) in 10 mL dry benzene was added NBS (0.41g, 2.2 mmol) and AIBN (16.4 mg, 0.1 mmol) was added at room temperature. Then the mixture was refluxed at 85 ºC overnight. It was cooled to room temperature and purified by flash chromatograph (silica gel, petroleum ether and ethyl acetate as eluent). The product was then suspended in 20 mL of H 2 O and heated to 100 ºC. After 1 h, the mixture was cooled to room temperature and then extracted with EtOAc (3×30 mL). The combined extracts were dried over MgSO 4 , filtered and concentrated under reduced pressure to give a corresponding 2-formylbenzoic acid as a solid. To a solution of the corresponding 2-formylbenzoic acid in acetone were added Me 2 SO 4 (0.126 g, 1 mmol) and K 2 CO 3 (0.276 g, 2 mmol). After stirring for 2 h at room temperature, the mixture was refluxed for 1 h and cooled to ambient temperature, filtered and washed with acetone (3×15 mL). The combined filtrates were concentrated in vacuo and the residue was purified by flash chromatography (silica gel, eluent: petroleum/ethyl acetate = 20:1) to give methyl 2-formylbenzoate.
General Procedure for Ruthenium/Me-BIPAM catalyzed Asymmetric Arylation of 2-formylbenzoate with Arylboronic Acids
A flask was charged with Ruthenium catalyst (0.01 mmol, 2 mol%) and Me-BIPAM (0.011 mmol, 2.2 mol%) under nitrogen atmosphere. Toluene (2.5 ml) was added and the mixture was stirred at room temperature for 30 min. Phenylboronic acid (0.75 mmol), 2-formylbenzoate (0.5 mmol), K 2 CO 3 (0.5 mmol) and H 2 O (0.5 ml) were then added to this catalyst solution. The reaction mixture was then heated at 50 °C for 18 h. The mixture was quenched with aqueous saturated NH 4 Cl, extracted with AcOEt, dried over MgSO 4 , filtered off, and the solvents were evaporated. The crude product was purified by flash column chromatography (Hexane/AcOEt = 7/1 to 5/1) to afford pure 3-aryl-ahydroxy-benzofuran-2-one. 3-(4-methoxyphenyl)-1,3-dihydro-2-benzofuran-1-one  (3ab) 3-(4-methylphenyl)-1,3-dihydro-2-benzofuran-1- 3-(4-ethenylphenyl)-1,3-dihydro-2-benzofuran-1-one (3ad) 3-(4-chlorophenyl)-1,3-dihydro-2-benzofuran-1-one (3ag) 3-(naphthalen-2-yl)-1,3-dihydro-2-benzofuran-1-one  (3ai) . 3-(3-chlorophenyl)-1,3-dihydro-2-benzofuran-1-one  (3ak) . (+)-3-phenyl-5-(trifluoromethyl)-1,3-dihydro-2-benzofuran-1-one (3ba) 5-methyl-3-phenyl-1,3-dihydro-2-benzofuran-1-one (3ha) . 
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